Background and Purpose. The rating scale (RS), standard gamble (SG), and time trade-off (TTO) for people with traumatic spinal cord injuries (SCIs) have not been reported. This study compared psychometric performances of these preference-based measures among people with SCIs in Taiwan. Subjects and Methods. In total, 187 subjects from a nationwide registry of people with traumatic SCIs were interviewed by telephone. Score distributions, interrater reliability, discriminant ability, and convergent validity for the RS, SG, and TTO were compared. Results. The mean (median) values of the RS, SG, and TTO were 0.67 (0.70), 0.64 (0.75), and 0.53 (0.50), respectively, and their corresponding intraclass correlation coefficients for intrarater and interrater test-retest reliability were . 92 and .89, .78 and .73, and .91 and .78. Compared with the SG and TTO, the RS had fewer floor and ceiling values as well as percent changes, more missing observations, a larger effect size, and better discrimination ability. The results of Spearman correlation and factor analysis showed that the SG strongly converged with the TTO (r ϭ.65, and in a single common factor), but they weakly converged with the RS (r ϭ.33 with the SG and r ϭ.27 with the TTO). In the linear regression models, the RS was significantly associated with neurological severity, employment, educational level, and self-care ability; the SG was associated with neurological severity and employment; and the TTO was associated only with neurological severity. Discussion and Conclusion. The RS generally performed better than the SG and TTO among people with traumatic SCIs; however, the underlying construct measured by the RS differed considerably from those measured by the SG and TTO. Research Report ⅷ ўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўўў ўўўўўўўўўўўўўўўўўў P hysical therapists, like other clinicians, make implicit and individual decisions every day, based on their experiences with different patients and on the needs of an individual patient. 1 These clinical decisions often are subjective and difficult to quantify. However, when identifying and incorporating specific patients' needs as assessed by the health-related quality of life (QOL), including their health profile and preference-based measures, 2 the efficiency and objectivity of clinical judgments can be substantially improved. 3, 4 Because improvements in early postinjury care have eliminated or minimized many of the complications that typically occur in people with traumatic spinal cord injuries (SCIs), the health-related QOL outcomes among those surviving with such injuries have become an important concern. 5, 6 Health profile measures often are applied to assess the impact of traumatic SCIs, according to functioning and well-being in multiple domains. [7] [8] [9] [10] [11] [12] [13] [14] [15] However, these measures have difficulty capturing the total clinical picture of traumatic SCIs or other chronic diseases and integrating components of related medical treatments. 2,3 Furthermore, they do not relate health states to death in order to allow comparisons across patient populations.
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Preference-based measures summarize a broad range of relevant outcomes among people with SCIs into an overall health-related QOL outcome, called "utility" or "preference." 16 An individual preference is reflected as a single number along a continuum that usually extends from 0, anchored as death, to 1, anchored as full health. 16, 17 In medical decision analyses and costeffectiveness analyses for optimal treatment choices, an individual's preferences for a health state or condition of interest can be included. Furthermore, quality-adjusted life years (QALYs) can be further calculated by the preference times for each year of life to incorporate the effects of both QOL and quantity of life. 18, 19 For example, experts draw different conclusions on whether or not thrombolysis can be recommended for people with acute ischemic stroke because of a problem of weighing the improvement in functional ability against the risk of increased mortality. By including a patient's preference, thrombolysis with a tissue plasminogen activator gave an additional 0.13 QALYs over standard supportive care for an "average" patient with stroke; it was further identified that the thrombolysis should be restricted to patients who assign low preferences of Ͻ0.6ϳ0.7 to major poststroke disability to increase the gain as well as the margin of safety. 20 Three commonly used preference-based measures are the rating scale (RS), the standard gamble (SG), and the time trade-off (TTO). 21, 22 The RS provides a simple technique for assigning a numerical value for a certain health state. The SG reveals an individual's preference by offering a choice between 2 alternatives: living in a health state with certainty or taking a gamble on a new intervention for which the outcome is uncertain. The SG has attracted attention because it is based on the axioms of utility theory proposed by von Neumann and Morgenstern. 23 The TTO offers a choice of living defined as a fixed length of time in full health or a variable length of time in an alternative state that is less desirable such as with an SCI.
These preference-based QOL measures have not been reported for people with SCIs. In addition to describing the preferences among people with traumatic SCIs in Taiwan, this study also compared psychometric performances of the RS, SG, and TTO, including score distributions, test-retest reliability, discriminant ability, and convergent validity. 9 . In addition to the neurological severity of injury (incomplete tetraplegia, complete tetraplegia, incomplete paraplegia, and complete paraplegia) using the classification of the American Spinal Cord Injury Association, 27 patient demographics (age and sex), time since injury, and cause of injury (motor vehicle crash, fall, and "other") also were recorded in the registry.
Method

Subjects and Procedure
We used national identification numbers and names to search mortality data from 1992 to 2001 in the Department of Health, Executive Yuan, Republic of China, and 64 people in the SCI registry were matched. Of those remaining in the registry, there were telephone numbers for 603 people. Of the 142 people who did not have telephone numbers recorded in the registry and those who could not be reached by their original telephone numbers, 10 people were identified and contacted by searching the member lists of national and local SCI associations. These telephone numbers were used to conduct telephone interviews. When a subject agreed to participate in the study during the first call, we asked him or her to provide a time session of approximately 30 to 40 minutes within 1 week for our telephone interview. In the interview, 3 preference-based QOL measuresthe RS, SG, and TTO-were administered; current information on education, marital status, and employment also was collected. Before the interview, a questionnaire was mailed to each subject to provide better comprehension of the questions in order to shorten the interview time.
As a result, 187 subjects were interviewed, 370 could not be reached by existing telephone numbers, 40 had died, 1 was in a vegetative state, and 15 declined to be interviewed. Compared with all people in the SCI registry, the 187 respondents did not significantly differ in age (45.6 versus 42.9 years), sex (76% versus 81% men), time since injury (7.8 versus 7.4 years), cause of injury (58% versus 57% motor vehicle crashes), neurological severity (40% versus 35% complete lesion), or associated injuries (43% versus 47% being positive). Verbal consent was obtained from all participants.
Instruments
With the aid of the previously mailed questionnaires, the RS method asked subjects to rate their current state of health on a 0-to-100 scale (ie, a 100-point thermometer), with 0 representing death during the study and 100 representing full health. Then the subjects told the interviewers what rating they chose. The RS value was the raw score divided by 100.
The SG method asked subjects to imagine that they would live in their current health states for an average life expectancy of people in Taiwan's general population of 25 years (ie, 25 years for people at age 43 years) (the average age of people in the SCI registry was used to estimate the life expectancy based on Taiwan's general population). 28 They then were told that a hypothetical new treatment was available that could improve their QOL to full health. However, the treatment had a risk of immediate death. The probability of full health was varied until the subject expressed indifference between the alternatives and the preference score of his or her SCI was equal to the probability. For instance, if a subject was indifferent between 25 years with SCI for sure and a gamble with a probability of 0.7 of full health for 25 years and a complementary probability of 0.3 (1 Ϫ 0.7) of immediate death, the preference of his or her SCI was equal to 0.7.
In the TTO method, subjects were told that they would live in their current health states for an average life expectancy of 25 years. Furthermore, subjects were asked to choose between 2 alternatives: living the entire duration in the specified health state or living for a shorter interval in which health would always be perfect. The length of the interval was varied until the subject expressed indifference about the decision. The duration was used to estimate the TTO score of the health state. For instance, if a subject was indifferent to 25 years with SCI and 15 years in full health, the preference of his or her SCI was equal to 0.6 (15/25 Test-retest reliability. A random sample of 20 subjects was selected to assess their original responses within 2 weeks. Seven of 10 subjects completed the retest for the assessment of intrarater test-retest reliability, and 6 of another 10 subjects did so for the assessment of interrater test-retest reliability. The intraclass correlation coefficients for both types of test-retest reliability were calculated. 30 The intraclass correlation coefficient, defined as an estimate of the proportion of the total measurement variability among subjects, combines information on both the linear correlation and the systematic differences between repeated tests. 30 Discriminant validity. The ability of these 3 preferencebased measures to discriminate among groups based on 9 sociodemographic and medical characteristics (age, time since injury, sex, education, marital status, employment, neurological severity, cause of injury, and level of ability for self-care) was tested using the Mann-Whitney test 31 because these preference scores were not normally distributed. These selected characteristics have been reported to be associated with QOL among people with SCIs. [7] [8] [9] [10] [11] [12] [13] [14] [15] For these characteristics, effect sizes were calculated by the difference in each preference score between subgroups divided by the standard deviation of scores among all people with SCIs. An effect size of 0.2 to 0.5 was considered to be small, 0.5 to 0.8 to be moderate, and 0.8 or greater to be large. 32 Convergent validity. Factor analysis and Spearman correlation were used to test the convergence among the 3 preference-based measures. Factor analysis examined whether the 3 measures converged, with moderate or strong factor loadings (Ն0.4), 33 onto a single common factor. Convergence indicates that the 3 measures have same underlying construct. Two criteria, factor eigenvalues greater than 1 and scree test, were used to select the number of common factors. 34 Furthermore, it was assumed that those measures that were conceptually related would be relatively strongly correlated, whereas those measures with less in common would show weaker correlations.
A linear regression model was used to determine factors associated with each preference score in order to understand differences among underlying constructs of the 3 measures. We used Statistical Analysis Software, version 8.02,* for all statistical analyses.
Results
Of the 187 subjects, the age at injury and time since injury, on average (ϮSD), were 42.9Ϯ17.3 and 7.4Ϯ2.0 years, respectively. Of these subjects, 48 (26%) had incomplete tetraplegia, 28 (15%) had complete tetraplegia, 73 (39%) had incomplete paraplegia, and 38 (20%) had complete paraplegia. Furthermore, 151 (81%) of them were male, 23 (12%) had an education level of senior high school or above, 96 (51%) had an education level of junior high school, and 68 (36%) had an education level of elementary school or no formal education, 54 (29%) were single/divorced/widowed, 101 (54%) were unemployed, and 99 (53%) could care for themselves independently. Cause of injury was associated with motor vehicle crashes for 106 subjects (57%), with falls for 62 subjects (33%), and with "other" for 19 subjects (10%).
As shown in Table 1 , the median of each preference score was not equal to the mean, and the Shapiro-Wilk test for normality produced a P value of less than .05 for all preference scores (ie, these scores were not normally distributed). The ability of the 3 preference-based QOL measures to discriminate between groups with respect to the 9 sociodemographic and medical characteristics is shown in Table 2 . The RS significantly discriminated between groups regarding 3 characteristics (education, employment, and self-care), the SG discriminated between groups regarding 2 characteristics (employment and selfcare), and the TTO discriminated between groups regarding 1 characteristic (self-care). Furthermore, the effect size was small or greater for 5 characteristics on the RS (ie, sex, education, time since injury, employment, and self-care ability) and for 3 characteristics on both the SG (ie, employment, level of injury, and self-care ability) and the TTO (ie, sex, employment, and self-care ability).
The factor loadings of the RS, SG, and TTO onto the first common factor were 0.09, 0.59, and 0.61, respectively, indicating that the RS was not convergent in the same dimension as the SG and TTO. Spearman correlation coefficients were .33 between the RS and the SG, .27 between the RS and the TTO, .65 between the SG and the TTO.
Results of the linear regression analyses are shown in Table 3 . After adjusting for other variables, the RS scores of subjects who had complete paraplegia and complete tetraplegia were 0.14 and 0.13 points lower, respectively, than those of subjects who had incomplete paraplegia. Moreover, subjects who were employed, had higher educational levels, and had self-care ability had larger RS scores than those of their counterparts. Compared with the SG scores of subjects who had incomplete paraplegia, the SG scores of subjects who had complete paraplegia and incomplete tetraplegia were 0.34 and 0.12 points lower, respectively. In addition, the SG scores among employed subjects were 0.11 points larger than those of unemployed subjects. Compared with the TTO scores of subjects with incomplete paraplegia, the TTO scores of subjects with complete paraplegia and complete tetraplegia were 0.26 and 0.19 points lower, respectively. 
Discussion
This study provides preference-based QOL scores among people with traumatic SCI, with the RS, on average, giving the highest score, followed by the SG and the TTO. Compared with the other 2 measures, the RS produced fewer floor and ceiling values, more reliability, a larger effect size, and better discrimination ability, as well as more missing observations. Furthermore, similar to the results in other patient groups, 35-37 the SG scores in our study converged strongly with the TTO scores, and they converged weakly with the RS scores. This study further revealed that the factors associated with the RS differed greatly from those associated with the SG and the TTO.
Because the RS method can easily be self-administered, whereas the SG and TTO methods considerably depend on the judgment, motivations, and cognition of subjects, 38 it is often appealing as an alternative to the SG and TTO methods for collecting health state preferences from large populations such as patients in clinical trials. 35 Despite having displayed better psychometric properties and being easier to administer, the meaning of preferences using the RS method in which no alternative choice is available may differ from those of the other 2 measures in which an alternative choice is available. Furthermore, contrary to the findings of studies of other patient groups, 39,40 the preference derived from the RS in our study was uncommonly higher than those derived from the SG and TTO. One possible explanation is that people with traumatic SCIs are more willing to trade off their life or life years than are other patient groups, because the 2 methods use death as the reference health state. That is, people with SCI might be more likely than other patient groups to risk ending up dead rather than choosing to remain in a less-thanperfect heath state. 41 Alternatively, subjects' time preference may have confounded the results (ie, people with SCI might be more willing to trade off their life or life years for the longer life expectancy of 25 years of this study than for the commonly used 10 years and shorter life expectancy). 35, 37, 39, 42, 43 Differences between the SG and the TTO methods often are attributed to the subjects' risk attitude for the hypothetically new treatment. Specifically, subjects are familiarized with having risk aversion in the SG method and risk neutrality in the TTO method. 16, 21, 44 Recently, an additional 3 factors-probability weighting (eg, people may underweight moderate and high probabilities or the distant future while overweighting low probabilities or the near future), loss aversion (ie, people are more sensitive to losses than to gains), and contingent weighting (ie, people tend to pay more attention to the probabilities or durations and relatively less attention to health outcomes)-also have been identified. 45 The current study further revealed that the SG scores increased by 0.11 point when the subjects were employed, implying a possible relationship between employment status and risk attitudes among people with SCI. Additionally, the longer life expectancy of 25 years may not have the same effect for the ST and TTO methods, and subjects seemed to be more willing to trade off their life years than to risk their life for full health.
There are several limitations to the study. First, generalizing these results to all people with SCIs needs to be done in a mindful way, because a substantial number of people in the SCI registry could not be reached for participation in the study. Despite no statistically significant differences being detected in any characteristics recorded in the registry, more nonparticipants tended to have complete paraplegia or tetraplegia, and they were marginally older, possibly indicating a poorer health status than those participating in the study. Furthermore, of the 187 study subjects, those who had difficulty responding to the preference-based measurement were older and had complete lesions. As a result, the preferences of people with SCI may have been underestimated in this study. In addition, we had no choice but to conduct the interviews by telephone because our subjects lived nationwide and their physical health was such that it was inconvenient for them to leave their homes for personal interviews. Nevertheless, a recent study 46 showed that telephone interviews yielded similar preferences on the SG and TTO compared with personal interviews. Finally, the responsiveness (ie, the ability of an instrument to detect clinically important changes over time) was not evaluated in the study and needs to be further compared among the 3 measures.
